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OF CYKCNIXICAL SHROUD FJTWORS 

By Fred D. Kochendorf er 

The effeots of the  properties of t he  prlmaxy fluid on ejector  per- 
formance are examined both  theoretically and experfmentdly.  Ekperi- 
mental effects are determined by comparing the  results  obtained for a 
carbon  dioxide primary with  those  obtained frm previous tests with air. 
Comparisons are made f o r  a se r i e s  of cglindrioal  shraud ejectors having 

primary diameter, and weight-flow ratios up t o  0.13. 

3 
8 - diameter ratios varying frm 1.1 t o  1.6, shroud lengths up t o  1 .O 

L A t  primary  pressure  ratios far which t h e  shroud is choked, density 
changes can be ccrmpensated by use of a weight-flow  parameter equal t o  
the  weight-flow r a t i o  multiplied by t h e  squaxe root  of the  temperature 
r a t i o  and divided by the  square  root of t he  moleculex  weight r a t i o .  
The effect  of specif ic  heat r a t i o  appears t o   b e  small, a change frm 
1.4 t o  1.3 decreasing  the  weight-flow parameter by an amcunt whfoh 
averaged about 0.005. 

A theoret ical   analysis  is a l s o  included t o   s h m  that the  effects 
of heat transfer between t h e  primEh.ry and seconlaxy stream can be  large. 

Current interest i n  the  air  ejector both a8 a cooling air pump f o r  
afterburners and t a i l  pipes and 88 a high-thrust nozzle f o r  Ugh-speed 
f l f g h t  has led t o   t h e  accumulation of a cmide rab le   quan t i ty  of per- 
formance data  (see, for exam-ple, refs. 1 t o  8). Since  these  investiga- 
t ions w e r e  chiefly  exploratory in  mture with a l a rge  number  of con- 
figurations  teated,  small model6 and cold primary air w e r e  employed. 
Application of these data t o  fu l l -sca le  t u rbo je t   imta l l a t iom  r equ i r e s  
a knowledge of t h e  effects of male and of p i n a r y  gas temperature; and 
althcugh  the effect of s ca l e  is shown t o   b e  smal l  for cold jets i n  re- 
ference 8, t h e  effect of pr-y gas  temperature le not yet clear. 

- 
c. 
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For re la t ive ly  s h o r t  ejectors of the  t n e  used In aircraf t ,  mixing 
effec ts  may be small. Thus, it may be  poesible that quantities  such a8 - 
j e t  velocity,  density, and viscosi ty  which are  associated  with mixing 
and axe  dependent on temperature will have a negligible  effect  on ejector  
performance. The theory of refereme 7 indicateer that f o r  pressure 
ra t io s   su f f i c i en t ly  high f o r  shroud choking and i n  the  abseme of m i x i n g  
and heat tramfer, temperature effect can be cornpermated by choosing as 
a weight-flow parameter a quantity  equal  to  the s e c o n d a r y - t o - p r i y  
weight-flow rat io   mult ipl ied by t h e  square  root of the  seoondary-to- 
primary temperature  ratio. In addition,  the  experimental  results of r e -  
ference 9 eubstant ia te   the  val idi ty  of t h i s  parameter at low preeeure 
r a t i o s  and. moderate  temperatures. In  the  investigation of reference 8, 
on the  other hand, attempts t o   c o r r e l a t e  high-temperature,  fuLl-Bcale 
data  with  cold,  small-scale  data w e r e  umucceesful.  Faotore which may 
have prevented t h e  correlation were the  differences  in  geometry  between 
full sca le  and m o d e l ,  heat tramfa? between the  pr-y and eeconda;ry 
streame, and t he  change i n  propertiee of t he  primary stream resul t ing 
from the  temperature  increase. 

.I 

m lo 
rl M 

The purpose of the  preaent  investigation is t o  determine  theoreti- 
ca l ly  and experimentally  the  effect on ejector  performance of changes * 

in  properties  such as specf f io   hea t   ra t io  a d  molecular weight. D r y  air 
and carbon dioxide having apecffic heat ra t io8 of 1.4 and 1.3 and mole- 
cular weights of 29 and 44, respectively, w e r e  used aa %he primary f lu ids .  0 

Pumping characterietics are presented  for  cylindrical  ejectors having 
secondary-to-primmy  dfameter ratios  ranglng fran 1.1 t o  1.6 and shraud 
lengths up t o  1 @mary diameter. The range of weight-flaw  parameter wa8 
from 0 t o  0.135. 

The ejector  apparatus  schematically ahawn in  f igure  1 conaisted of 
a primary chamber, four interchangeable primaxy nozzles, a plate oon- 
taining t h e  outer w a l l  of the  secondary nozzle, a Eiecondary  chamber,  and 
a number of cylindrical  interlocking shroud rings. (The def ini t ions of 
symbols on fig . 1 and elH where me given i n  appendix A. ) The m a n g e -  
m a t  was essent ia l ly  that of reference 7 wfth t h e  addition of a prFmary 
chamber. 

All shroud riw had an i m i d e  diameter of 1.40 inches. Shroud 
length could be vmied f rm 0 t o  4.0 inches i n  0.25-inch  incrementa. 
The throat  diameters of the primary nozzles w e r e  mch that the  avai lable  
secondazy-to-primary  diameter r a t io s  w e r e  1.10, 1.20, 1.40, and 1.60. 
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Preliminmy tests showed that t h e   t o t a l  pressures of the  primary 
and secondary  fluids a t  the  nozzle  exits w e r e  within 0.5 percen% of 
those m e a s u r e d  i n  the  primary and secondary chambers f o r  a l l  conditions 
of operation. Chamber pressures w e r e  therefore used as a measure of 
total   pressures.  

The ejector  assembly w a s  mounted on a low-pressure  receiver which 
waa connected t o  the  laboratory exhauet system. Any pressure between 
2 inches of mercury and atmospheric  could be  obtained by th ro t t l ing .  
Je t  ambient pressure w a ~  memured by four static or i f ices  in t h e  re- 
ceiver w a l l .  

Atmospheric air w&8 used f o r   t h e  secondary f lu id .  The air passed 
through a calibrated  rotameter and a throt t l ing  valve and wa8 then 
divided  into two stream ttiat entered t h e  secondaxy chamber a t  diametri- 
cally opposite  points. 

Two different fluid8 w e r e  used for the  p r h a r y :  dry air and carbon 
dioxide. A i r  (dewpoint -15Ok5 '  F) w a s  obtained from the  laboratory driers; 
carbon  dioxide waa supplied  through  the system shown schematicallg i n  
figure 2 .  Liquid  carbon  dioxide w a s  metered  through an or i f i ce   i n to   t he  
steam heater;  the  carbon  dioxide left this   heater  as a gas, waa heated. t o  
7Oo&LO0 F i n   t h e   a u x i l i a r y  heater, passed  through a flar-neasuring ori- 
fice, and then  divided  into two streams that entered t h e  primaxy chamber 
at opposite  points. 

For each  configuration data were obtained by holding the secondary 
weight flow constant and varying  the  jet  ambient pressure i n  s tep from a 
low value t o  a value  such that the  primary nozzle w a ~  just choking.  For 
each value of t he  ambient pressure, redings of t h e  primsry and secondary 
t o t a l   p r e s m e a  w e r e  t een .  

The experimental  ejector  peformance  curves are presented in figures 
3, 4, 5, and 6 f o r  shroud-to-nozzle diameter r a t io s  of 1.10, 1.20, 1.40, 
and 1.60, reapectively. For each  curve ejector pressure   ra t io  Ps/P 
is plotted as a function of prima,ry p re s su re   r a t io   pOb   fo r  a comtant  

value of weight-flow pazameter O m ,  which is defined &8 t h e   r a t i o  of 
secondary-to-primary  weight flow multiplied by the  square  root of t he  
secondary-to-primary t o t a l  temperature and divided by the  square  root of 
t he  secondary-to-prlmary molecular weight. With C02 aa t h e  primary 
f l u i d  and a i r  88 t h e  eecodary,  the  value of p is 0.653. 

P 
P 

An inspection of t he  performance  curves shows that for t he  lower 
values of primary pressure  ra t io ,   the   e3ector  pressure r a t l o  for each 
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curve is independent of the primary pressure and represents  the minimum 
value  obtainable  for  the  particular  value of the  weight-flow  parameter. 
A8 primary pressure   ra t io  is increased a value c a l l e d  t h e  break-off 
pressure  ra t io  is reached f o r  which t h e  ejector pressure  begim  to in- 
crease. A t  break-off the  abruptness of the change in ejector preecsure 
r a t i o  depends on the  amount  of secondmy flow and decreaaes  with in- 
creming  values of t he  weight-flow  parameter. Above break-off,  ejector 
pressure  ratio  increases almost l inear ly   with primary pressure  ratio.  

m 
rr) 
d 
prl 

These  performance characterist ice  are,  of course, similar to  thoee 
whfch have been  described in d e t a i l   f o r   t h e  air ejector   in   reference 7 .  
I n   t h e  present report,  for  cmpletenees,  the  description will be  br ief ly  
repeated. At low primary  pressure  ratio8  the.  primary stream expands t o  
a supersonic  velocity on leaving  the  nozzle.  For  the  caee  with no 
seconbry  flow the  expamion  continues  until  the jet completely f i l l s   t h e  
ehrazd and the   resu l t ing  flow is su f f i c i en t ly   s t ab le   t o   w i ths t and   l uge  
pressure  gradients near the  shroud exit. The ejector   pressure  ra t io  is 
therefore  constant over a l m g e  range of primary pressure rat ios .   Since 
those  points on the  performance  curves which l i e  below a 45' l i n e  through 
the  origin represent  internal shroud presmres which axe lower  than am- 
bient,  it is obvious that with  the larger diameter  ratio,  longer  shrouds . 
t h e  primary j e t  can  be  greatly,overexpanded. 

With secondary flow, the  primary  expansfon is  cushioned and r e s t r i c -  1 -  

t ed  by the  secondary  stream.  Values of minimum ejector  pressure  ratio 
are  therefore  higher. In addition,  since  the lower  energy  secondary 
stream  cannot  support  large  preseure  gradients, static  pressures  within 
t h e  shroud  cannot f a l l  much below t h e  ambient pressure and l i t t l e  mer- 
expansion  can  occur. Only in  t h e  longer shrouds is m i x i n g  eu f f i c i en t   t o  
permit  secondary pressures lower than ambient. 

The effect  af diameter r a t i o  and shroud length on minimum ejector 
pressure   ra t io  is presented in figures 7 and 8; the  former represents 
t h e  case  without  secondary flw a d  the latter, the  caae  with secondary 
flow. Ale0 included in   these  f igures  me the   r e su l t s  of a theoret ical  
analysis s imi l a r   t o  that of reference 7 but expanded t o  include  the 
effects  of changes in spec i f ic   .hea t   ra t io  and molecular  weight  (see 
appendix B) . 

The curves a r e   i d e n t i c a l   i n  form t o  thme  obtained w i t h  a i r  aa the  
primary f lu id .  I n  figure 7 it can  be  seen  that as shroud length i e  in- 
creased,  the minimum ejector   pressure  ra t io  for each diameter r a t i o  in- 
c remes   rap id ly   un t i l  a length which will b e   d e f i n d  as t he   " c r i t i ca l  
shroud length" is reached. Further increaaes i n  length beyond c r i t i c &  
have r e l a t i v e l y   l i t t l e   e f f e c t .  An explanation of these phenomena is &B 
follows : For short  shrouds t h e  primary  stream expands outward to   the  
shroud exit. Increasing shroud length  thus  permits less primary expan- 
sion and r e s u l t s   i n  higher  ejector  pressure  ratios; however, &B the  
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shroud  length increase8 beyond c r i t i c a l   t h e  flow in t h e  upstream  portion 
of t h e  shroud is s tab i l ized  and ejector pressure ra t io   becmes  indepen- 
dent of shroud length. The curv'es also show t h a t   t h e  amount of expan- 
sion which can  be accommodated govern8 t h e  effect of diameter r a t i o  i n  
a l i k e  manner. The smaller diameter  shrouds allowing less expansion 
produce  higher  values of minimum ejector  pressure  ratio.  

r 

e 

Similar trend8 with  secondary flow axe apparent in  figure 8. The 
crr 
P w 
CD 

chief  effect  of secondary flow, other than tha t  of increasing m i n i ~ ~ ~ ~  
e jec tor   p resmre   ra t io   l eve ls ,  is an appreciable  increase i n  c r f t i c a l  
shroud l eng th .  With a diameter r a t i o  of 1.2, f o r  example, c r i t i c a l  
shroud  lengths are 0.27 and about 0.7 for operation  without and with 
secondary flow, respectively. 

Inspection  of  the  experimental and theore t ica l  curvea  of figures 7 
and 8 shows that the  theory  properly  evaluates  the effects of diameter 
and weight-flaw r a t i o s   f o r   t h e   c m e  of s tab i l ized  shroud flow. In  addi- 
tion,  for  the  case  withcut  secondary flow, t h e  effect of shroud length 
appears t o  check that predicted by the  theory. 

c 

Effect of Fluid  Properties 011 Ejector  Performance 

It has  been e h m  that at pressure ra t io s   su f f i c i en t  for shroud 
choking, t h e  f low wi th in   the  shroud becomes stabil ized  (for  the  diameter 
ratios  investigated)  within a distance of about 1.0 prjmary  diameter 
downstream of the  shroud exit, and it is therefore  possible that mixing 
and heat  transfer effects may play an insignificant r o l e   i n  determining 
the  values of min imum ejector   pressure  ra t io .  

The r e su l t s  of 8 theore t ica l  analysis bmed OR t h i s  premise (see 
appendix B) are presented i n  figure 9. It can  be  seen that t h e  effect 
of changes i n  the  propertie8 of t he  p r b a r y  f l u i d  cannot  be  completely 
correlated by use of t he  weight-flow parameter o m ,  since,  although 
the   e f f ec t  of density (ie, temperature or molecular  weight) is accaunted 
for ,  that of spec i f ic   hea t   ra t io  7 is not. The magnitude of t h e  7 
effect evidently depends on both  diameter and weight-Plow pameter.  
In  general ,   decrming 7 from 1.4  t o  1.3 shif ts   the   curves  toward t h e  
lower weight-flaw parameters; for t h e  range of variables  included in  
figure 9 t h e   s h i f t  amounts t o  about 0.01. For t he  smaller diameter  ratio, 
however, the  s lope is also decreased  with  the  result   that  for Ds/Dp = 1.1 
and f o r  o m  > 0.07, weight-flow r a t i o  is actually increased by a de- 
c rease   in  y .  

A set  of performance curves similar to   t hose  of f igure  9 but ob- 
tained  experimentally  ie presented i n  figure 10. The data f o r  7 = 1.3 
w e r e  obtained frm the  curves of figures 7 and 8; those for y = 1.4 

P 
P 
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were  obtained Both from t h e  tests of a larger scale  (primary diameter = 4 
in . )   invest igat ion reported- i n  reference 5 and from the  apparatus  of  the 
present  investigation R S ~ I I ~  dry air as the  primary f lu id .  It can be seen 
t h a t   t h e  experimental trends axe similar to   the  theoret ical .   Quant i -  
t a t ive ly ,  however, the   e f fec t  of 7 is not s o  l a rge ,   t he   sh i f t   i n  weight- 
flow r a t i o  averaging on ly  0.005. Therefore, a t  a weight-flow r a t i o  of 
about 0.04, the  7 ef fec t  amounts t o  a 12 percent  weight flow change a t  
constant minimum ejector  premure  ratio.  A t  c a t a n t  weight flow, how- 
ever,   the  effect  on ejector   pressure  ra t io  is small, varying frcm abaut 
3 t o  5 percent. . .  . .  . Ql to 

rl 
cr) 

A t  the  higher  pressure  ratio! for which the shroud ie not choked, 
there  is no reaaon to   be l i eve  that mixing and heat-transfer  effects 
should  be  imignif’icant. Thus, the  weight-flm parameter cannot  be ex- 
pected a p r io r i  to correlate  values of ejector  preesure  ratio for f luid6 
having different  densities.  Nevertheleas,  the  experimental  results of 
reference 8 indicate  that   density  effects ( in  t h i s  case  reeulting from 
moleculax  weight  change)  can  be found by comparing the   r e su l t s   fo r  C02 
with  those for  a i r .  Th i s  comparison for both w - m p  ‘Etnd 02/? is 
presented i n   f i g u r e  11 at a primary  pressure  ratio of 0.50. For the  two 
smaller diameter  ratios, a better .correlation  obviously is obtained by 
using W m .  Except f o r  the  case’with  zero secondary fl&, the   l a rges t  
weight-flow  discrepancy is about 10 percent. For Ds/D = 1.4, since  the 
curves for di f fe ren t  flows axe closely &paced, data sca t t e r  makes evalua- 
t i o n  of r e s u l t s   d i f f i c u l t .  

P 

Effect of Scale and H e a t  Tranflf er 

In   the  invest igat ions of reference 8 weight-flow ra t io s   fo r  a small 
sca le  m o d e l  having an  unheated primary jet w e r e  found t o  exceed those of 
a sirnilax full-scale,   heated  jet   ejector by much aa 200 percent. 
Since  the  pres-ent  investigation shows t h a t  such m o r s  cannot r e su l t  frcm 
den8ity or 7 effects  alone,  the  cause must have been differences  in  
geometry between full male and made1 or i n  heat  transfer.  

The extreme sens i t i v i ty  of weight flow to   e jec tor   p remure   ra t io  at 
a high  value of primary pressure  ratio po/P has been noted i n  figure 
11. At a diameter r a t i o  of 1.2 and a sb rmd length of 0.5, fo r  example, 
chmglng  the ejector pressure  ra t io  by 4 percent (from 0.50 t o  0.52) 
doubles  the B~COLI~W flow. Therefore, t h e  geametry of the s e c o n k r y  
passage just  upstream af the  shroud  entrance and the  location of the  
measuring s t a t i o n  for Ps are  particularly  important.  

B 

The effect  of heat transfer on ejector  performance  cannot  be deter-  
mined because the  amourit of heat which can  be transferred between the  
p r i m  and secondary streams within  the  re la t ively short a i rc raf t   e jec tor  
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shrmds is not known at  present. However, t he  effect of a given amaznt 
of heat transfer can  be found theoret ical ly .  Using the  theory of ap- 
pendix B, calculations have been made for  the  following  case: secondary- 
to-primary temperature  r a t i o  T, 1/4; r a t i o  of secondary  temperature a t  
shroud exit t o  that at shroud entrance T ~ ,  2; = ys = 1.4. The re- 
s u l t s  are compared with  those  for no heat transfer (Ts = 1) in  figure 12.  

7P 

The effect of  heat transfer is similar t o   t h a t  of 7 change in  that t h e  
curves  are   shif ted  to  lower values of weight flaw. For the  asswned con- 
d i t ions   the  effect Is t o  approximately  halve t h e  secondary flow. Although 

quantative anewers can  be  given  because, as b been  mentioned, t he  pro- 
per value for 7 s is unknown. With r e spec t   t o   f i gu re  12, It should  be 
noted that for a given  ejector Ts will, i n  general,  vary  with  secondary 
flow. If t h e  amount of heat transferred remains constant, Ts will vary 
inversely  with  secondary flow; therefore   the  effect  on e3ector  pressure 
r a t i o  should  be smaller for  the  higher  secondary  flare.  This  trend w a s  
evident i n  the  data .  

w 
P w 
CD t h i s  is in  t h e  proper  direction t o  explain  the results of reference 8, no 

From the  foregoing  discussion it is apparent that a change in the  
propmties of t h e  imary fluid  should have l i t t l e  effect on e jec tor  per- 
formance if O& is used as t h e  weight-flow parameter. If temperature 
changes accompany the  property changes, however, t h e  effect of heat trans- 
fer can  resul t  i n  large  discrepancies.  Furthermore, a t  preseure ratios 
for which the  shroud is not choked, s l igh t   d i f fe rences  i n  geometry can 
a l e 0  g r e a t l y   d f e c t  secondary flow. 

STJMMARY O F  RESULTS . 

The following r e s u l t s  w e r e  obtained f r o m  a small-scale  investigation 
t o  determine  the  effects of properties of t h e  primary fluid on ejector  
performance : 

1. A t  primary pressure r a t fos  for which the  shroud w a s  choked, de- 
creasing  speciffc  heat  ratio 7 from 1.4 t o  1.3 decreased  the  weight- 
flow  parameter by 0.005 or less for   diameter   ra t ios  from 1.1 t o  
1.6. A t  constant  weight flow the   e f fec t  on e jec tor   p ressure   ra t io  was  
mall. 

2 .  When the  shroud w a s  not choked,& t h e  effect of Y appeared t o  be 
sma l l  and t h e  weight-flaw  paramete seemed t o  correlate performance data. 
However, because of t he  extreme sens i t i v i ty  of weight-flow r a t i o   t o  
ejector  pressure  ratio,  data scatter may have been sufficient t o  mask 
the  effects of changes i n  f luid properties. 
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. The effects of heat transfer between the primary and secondary 
can be  large.  Comequentlg, i f  the ahratd is long enaugh t o  
appreciable  heat  transfer,  data  obtained  with a cold primary jet 
be expected to  accurately  predict   those for a heated jet .  

Lewis Flight  Propulsion  laboratory 
Rational Advisory Conunittee for Aeromt ica  

Cleveland, Ohio, December 16, 1953 
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APPENDIX A 

SYMBOLS 

a area rat io ,  ~ I A ~  
b area  ra t io ,  All% 

D diameter I 

g acceleration due t o   g rav i ty  

K loss constant 

L shroud length 

(L/DP). critical shroud length 

M Mach number 

m molecular w e i g h t  

P to ta l   p ressure  

P static pressure 

(P,/P,>, mintram ejector   pressure  ra t io  

R universal  gas  constant 

IC t o t a l  temperature 

v velocity 

W weight flaw 



b. 

10 - 
r specific heat ratio 

P molecular weight rat io ,  %/mp 

7 temperature  ratio, T , /T~  

Ts temperature  ratio, TZ/T, 

P density 

UI weight-flow rat io ,  ws/wp 

Subscripts: 

P primary stream a t  nozzle  exit 

S secondary  stream at nozzle exit 

NACA RM F53L24a 

0 jet ambient 

1 primary stream a t  shroud s ta t ion  f o r  w h i c h  primary  and 
secondary s ta t ic   pressures  a r e  equal 

2 secondary stream at shroud s ta t ion  for  w h i c h  primary and 
secondary stat ic   pressures  are  equal 
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APPENDIX B 

EJECTOR THEORY 

M 
0 -  
d n 

No Secondary Flow 

Shroud length   ra t ios   weater  than c r i t i c a l .  - The one-dimensional 
equations  for the conservation of mass asd momentum w i l l  be wri t ten  for  
the  section of the shroud between stations I and II. 

I I1 
2 
. The equation f o r  the conservation of mass is then 

o r  

o r  

Assumptions w i l l  be made as follows : 

(1) Adiabatic flaw, 'pp = Tl 
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or 

(3) The sheer on the expanding  primary stream resul t s  in a pressure 
change which is given  by ~ h 

, .. ~ - 

With these  assumptions  equations (1) and (2) can be rearranged in 
the following form: 

a - 1  -= 2a 1 - 

~je the  value of K is either known or assumed, for each M1 values 
C&Z~ be  obtained for  both a and Ps/P m e f o r e  Ps/p is determined . - 
as a Rulction of a (or D&) and IC. P P 

Shroud length  ra t ios  less. than   c r i t i ca l .  - Assume tha t  the prlmary 
f l u i d  undergoes a Prandtl-Meyer expaneioa  such tha t  it j u s t  strikes the  
shroud exi t .  Assume also t h a t  for the diameter  ratio8 under consideration 
two-dimensional flaw is sufficiently  accurate.  I 

men is the pressure r a t i o  corresponding to an expansion 
through an angle v (see, fo r  example, ref. 10) where 

I S P  D / D  - 1  
u =tan- 

zL/DI, 

The r a t l o  ( P s b  ) is  thus a known function of Ds/D asd L/Dp. 
P m  P 
7 

1 
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The one-dimensional  equations for the conservation of mass and 
momentum will again be written f o r  the section of the shroud between sta -  
t ions I and II. 
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This  equation  can  be  rewritten  as follows: 

I 

and equations (5) and (6), as 

. 

For ham or assumed  values of y and Ts,  equation (8) determines 
as a function of MI and %. Equaticm (9) similarly  determines , 

pS P1 
pP pP pP 

the  quantities  (a - 1)- and (a - b)-. E b and - p1 can be found  as 

functions  of M1 and Ms, a relation will be  established  between 

In the  theory of reference 7, the primary expansion wa6 assumed to 
be  isentropic;  thus b and p /p were  determined  as functicms of M1. 
Ib the  present  treatment,  it  will  be  assumed  that  because  of  shear  between 
the  primary  and  secondary  streams, pl differs f r o m  its  isentropic  value 
by an  amount  which is given by 

1 P  



L 
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or 

and the  value f o r  b is then 

15 

. .  . .. 

or 

merefore,  equation ( 9 )  becomes 
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Calculations were made fo r  a ser ies  of values  far  the loss parameter 
K. In a comparison with  the experimental data it was found th&t a value 
of 0.07 seemed t o  provide  the  best f i t .  Therefore, this  value was used 
f o r  figures 7 t o  9.  In figure 12, no losses were assumed, t ha t  is, 
K = 0 .  
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Figure 1. - Ejector apparatus. 
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Figure 2. - Schwgtic flow diqpam of carbon dioxide heating system. 
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Figure 3. - Performance of carbon dloxlde-alr ejector with d i e t e r  ratio of 1.10. 
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5 (a) shroud length ratio L/D_, 0.43 

(b )  Shroud length ratio L/Dpr 0.64.  

Figure 4 .  - Performance of carbon dioxide-air  ejector with  diameter 
ratio of 1.20. 
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(b) Shroud length ratio L/Dp, 0.50. 

Figure 5 .  - Performance of carbon bioxlde-air elector with diameter 
ratio of 1.40. 
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(c) Shroud length r a t io  L/bp. 0.75. 

(d) Shroud length ratio L/bpr 1-00. 

Figure 5 .  - Concluded. Performance of carbon Uioxide-& ejector with 
diameter ratio of 1.40. 
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k a 

(a) Shroud length ratio L/D,,, 0.57. 
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(b) Shroud length ratio L/Dp, 1.14. 

Figure 6 .  - Performance of carbon dioxide-air ejscrtor with diameter 
ratio of 1.60. 
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Figure 7. - Efect of diameter ratio and ahmud length on minimum ejector pressure ratio 
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(a )  Weight-flow parameter 6, 0.045. 

Figure 8. - EPfect of' diameter r a t io  and shroud length on minimum ejector 
pressure  ratio with  secondary flow. Prinrsry specific  heat  ratio, 1.31 
secondary specific  heat  ratio, 1.4. 



. 

Shroud length, L / 4  

(b) Weight-flow  parameter, m m ,  0.091. 

Figure 8. - Continued.  Effect of diameter  ratio and shroud length on mini- 
mum ejector  pressure  ratio  with secondary flow. Primary specific  heat 
ratio, 1.3; secondary  specific  heat  ratio, 1.4. 
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.08 .2 t 
Figure 8 .  - Concluded. Effect of diameter ratio and shroud length on mini- 

mwn ejector preasure ratio vith secondary flow. Primary epecffic heat 
ratio, 1.3; secondary specffic heat ratio,  1.4. . 
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Figure 9 .  - !lZeoretical effect  of apeciflc  heat  ratio on minimum ejector  pesaure ratio. 

w 



30 - MCA RM E53L24a 

Figure 10. - Comparison of experimental values of minimum ejector presaure ratio for air 
and carbon dioxide. Temperature ratio, 1; eecondary apecif ic  heat r E t i 0 .  1.4. 
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(a) D i a m e t e r  ratio D B / 4 ,  1.1. 

(b) Diameter ratio D&, 1.2.  

8hmud length ratio, L& 
(c) Mameter ratio D&, 1.4. 

Figure 11. - Effect of pri- f l u i d  on ejector performance at high pressure ratio. 
Data for sir frcw reference 5. 
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